Abstract. Optical coherence tomography (OCT) has been previously identified as a promising tool for exploring laryngeal pathologies in adults. Here, we present an OCT handheld probe dedicated to imaging the unique geometry involved in pediatric laryngoscopy. A vertical cavity surface emitting laser-based wavelengthswept OCT system operating at 60 frames per second was coupled to the probe to acquire three-dimensional (3-D) volumes in vivo. In order to evaluate the performance of the proposed probe and system, we imaged pediatric vocal fold lesions of patients going under direct laryngoscopy. Through this in vivo study, we extracted OCT features characterizing each pediatric vocal fold lesion, which shows a great potential for noninvasive laryngeal lesion discrimination. We believe OCT vocal fold examination in 3-D will result in improved knowledge of the pediatric anatomy and could aid in managing pediatric laryngeal diseases. © The Authors. Published by SPIE under a Creative Commons Attribution 3.0 Unported License. Distribution or reproduction of this work in whole or in part requires full attribution of the original publication, including its DOI.
Introduction
Voice production is a complex process, which can be considerably affected by the presence of benign lesions. Approximately 6% to 9% of children 1, 2 and nearly one-third of the population will be affected by a voice disorder during their lifetimes. 3 In children, benign lesions like nodules, polyps, and cysts are common causes of voice hoarseness. Clinical evaluation of voice hoarseness includes obtaining the patient's medical history, performing perceptual voice analysis, and inspecting the larynx 4 using a nasolaryngoscope in clinic or a rigid bronchoscope in the operating room. 5 Otolaryngologists base their diagnosis and treatment strategy on visual inspection of the motion of the mucosa, glottal closure, and the appearance of superficial blood vessels. 6, 7 Although a magnified view of the vocal folds through endoscopy is very useful to clinicians, images are difficult to interpret. The superficial appearance (morphology, coloration, and vascularization) of laryngeal structures is sensitive to lighting conditions and camera angle. 8 Furthermore, most diseases arise below the epithelial layer 7 and are therefore invisible using superficial imaging techniques. 9 Overall, it remains challenging to differentiate these subepithelial lesions clinically and histologically. [10] [11] [12] For instance, the outer surface of nodules and cysts is relatively similar as they macroscopically appear as a thickening of the epithelial layer. To this day, defining characteristic features of benign lesions remains an active area of investigation, 13 as treatment strategies differ for each lesion type. Radiological imaging modalities such as magnetic resonance imaging, computed tomography, x-rays, and ultrasound are unfortunately unable to properly assess the vocal fold mucosal structure. Their resolution is insufficient for microscopic features and their contrast in this context is low. Despite the associated risks, the only option to determine the type and extent of laryngeal disease remains surgical biopsies. Although biopsy followed by histology is the clinical gold standard, it produces large amounts of false-negative results due to sampling errors, and therefore, not suited to analyze large surfaces. More importantly, biopsy of the vocal fold can cause scarring, which may negatively affect voice quality.
14 Therefore, noninvasive assessment of the type and extent of a lesion could substantially improve the outcomes of therapeutic procedures for the pediatric population.
Recently, several optical imaging technologies have been evaluated as potential tools for assessing the microanatomy of the vocal fold. [15] [16] [17] Among these, optical coherence tomography (OCT) 18 was identified as an appealing noninvasive imaging technology for laryngeal diagnoses in pediatric laryngology. OCT provides cross-sectional imaging of biological tissues with micrometer scale resolution, millimeter scale field-of-view, and imaging speed compatible with three-dimensional (3-D) imaging.
Several studies investigated the use of OCT in laryngology. Applications range from monitoring laser surgery of laryngeal carcinoma 19 to the optical characterization of the unique layered structured of the vocal fold. 20, 21 OCT was also used to investigate lesions of the upper aerodigestive track in adults. 22, 23 Despite numerous in vivo OCT studies focused on laryngeal diseases, 22, [24] [25] [26] [27] [28] [29] very few have explored using OCT in the pediatric population. In vivo OCT imaging was used to examine the upper digestive tract including various pathologies of the pediatric airway microanatomy using time-domain OCT (TD-OCT), 28 but did not specifically focus on vocal fold lesions. Additionally, acquisition speed (a few frames per seconds) and sensitivity of TD-OCT systems confined the study to two-dimensional (2-D) imaging which might not be sufficient to grasp the complex spatial extent of some vocal fold pathologies. Recent studies using Fourier domain systems have investigated the detection of subglottic stenosis on neonates. 29, 30 Pediatric laryngology brings its own set of challenges, as probe dimensions need to meet specific requirements to allow imaging the youngest patients without obstructing their airways. Additionally, bilateral vocal fold imaging implies rapid acquisition rates to avoid motion artifacts and necessitates a probe ergonomy to allow rapid and precise positioning of its tip to the appropriate region-of-interest.
We present an OCT-based handheld probe specifically adapted to the pediatric population, for in vivo imaging of vocal fold lesions. The probe allows for rapid 3-D imaging of the strike zone area (i.e., the contact area of the two vocal cords during phonation) where lesions are most likely to occur. The probe is coupled to a mobile cart, allowing easy integration into the clinical flow. We herein present in vivo OCT images of benign lesions acquired with this system and demonstrate the added advantage of 3-D OCT imaging for lesion discrimination and margins assessment.
Materials and Methods
In this section, we present the clinical OCT system and probe used for in vivo evaluation of pediatric vocal folds.
Study Design
Prior to our in vivo study, we imaged 20 adult cadaveric vocal fold specimens with OCT and compared images with corresponding histology sections for both normal and pathological cases. Results from this ex vivo study were used as an atlas to guide in vivo observations. For each ex vivo specimen, a full OCT scan was performed from the anterior to the posterior segment of the vocal cord using an OCT system described in Sec. 2.2. Axial and lateral resolutions of the benchtop system are 12 and 25 μm, respectively, and the incident power on the sample is ∼15 mW. The field-of-view is 10-mm long, 2-mm wide, and 3-mm deep and includes, in addition to the true vocal fold, some adjacent structures such as a portion of the ventricle, which serves as a reference point for comparison with histology. For correspondence between OCT and histology images, each end of the vocal fold (i.e., in the inferior-superior axis) was marked with India ink, which is visible in both OCT images and histology sections. Immediately after the OCT imaging, the sample was placed in a solution of formaldehyde for fixation and was processed for histological evaluation using hematoxylin-eosin (H&E) staining. Throughout this paper, OCT images are presented using a logarithmic scale of the backscattered intensity.
Following the ex vivo study, we performed in vivo OCT imaging on 20 children ranging from 3 months to 16 years of age. Prior to the procedure, description and consent forms were given to parents and children. Approval of this study was obtained from patient subjects and the Massachusetts Eye and Ear Infirmary (Boston, Massachusetts) Institutional Review Board (IRB: 208399). Pediatric candidates were recruited from patients undergoing bronchoscopy or minor surgery at Massachusetts Eye Ear Infirmary (Boston, Massachusetts). Prior to imaging, patients were put under general anesthesia and prepared for suspension microlaryngoscopy. The OCT handheld probe was first inserted into the oral cavity and lightly brought into contact with the region-of-interest on the vocal cord. This was done under direct visualization or under video laryngoscopy guidance. Once the target area was reached, 3-D recording was triggered. OCT acquisition was performed on the left and right vocal folds when possible. Each volume (2 mm × 2 mm × 7 mm) was acquired within 18 s. Immediately after OCT imaging, the scheduled airway procedure was performed.
Optical Coherence Tomography System
Proper visualization of pediatric vocal fold lesions during standard laryngoscopy examination imposes stringent constraints on the OCT system and its imaging probe. Rapid acquisition is necessary to avoid motion artifacts, allowing for 3-D imaging while minimizing the time patients remain under general anesthesia. Probe design must allow for imaging of a wide range of anatomical dimensions as the larynx size and vocal fold length increase during development. The complete imaging system must finally be robust and portable for repetitive use in the surgical suite.
Figure 1(a) shows a schematic diagram of the OCT system, which consists of a swept source system (OCS1310V1 Thorlabs, Newton, New Jersey) modified to accommodate an external reference arm [ Fig. 1(b) ] matching our custom handheld probe [ Fig. 1(c) ].
Optical coherence tomography source
The OCT source is a vertical cavity surface emitting laser-based wavelength-swept laser 31 centered at 1310 nm for enhanced imaging depth. Its 10-dB bandwidth is 117-nm wide, resulting in an axial resolution of 16 μm in air and 12 μm in tissue. Its A-line acquisition rate (100 k A-lines∕s) allows for an imaging speed of 60 images∕s (for 1040 A-lines of 1040 pixels), and its average output power is 30 mW. This source provides a long coherence length, which allows for an imaging range of up to 10 mm; a feature particularly helpful for imaging lesions presenting with a severe deformation of the epithelium.
Reference arm
Figure 1(b) shows a schematic diagram of an external reference arm used to accommodate our custom probe. The reference arm was designed to compensate for the dispersion induced by the probe's optics to avoid axial resolution degradation. In the reference arm, the collimated light propagates through three 2.7-mm diameter gradient-index (GRIN) lenses for a total length of 317 mm. This assembly acts as an optical relay, which focuses light on a mirror. An iris is used to optimize the signal-to-noise ratio in the acquired images.
Optical coherence tomography handheld probe
Intraoperative laryngeal evaluation justifies the use of a rigid handheld probe, which in turn allows for precise placement at the strike zone for 3-D imaging. Figure 1 (c) shows a schematic diagram of the probe. The probe design allows for optimal focus depth adjustment inside the tissue by properly adjusting the objective lens distance with the first GRIN lens interface. In order to achieve optimal resolution of the lamina propria, light was focused at a distance of 1 mm from the distal tip of the probe. This configuration is achieved with the following optical design: collimated light is focused with a 19-mm focal length lens (Thorlabs, AC127-019-C) inside a GRIN lens assembly. The assembly has three GRIN lenses (Gradient Lens Corporation, Rochester, New York) of 2.7 mm in diameter and separated by two 1-mm thick spacers. In this configuration, the GRIN lenses assembly acts as an optical relay. A 3-mm diameter, 45-deg rod mirror (Edmund Optics, 54-093, aluminum coating) is mounted at the probe tip with optical-grade ultraviolet glue (Norland Optical Adhesive 84), reflecting light on the edge of the vocal fold. The mirror length was polished down to 3.5 mm to limit the offset between the imaging window and the distal end of the probe for easier alignment.
Each optical interface (collimator, objective lens, GRIN lenses) is coated with an infrared antireflection coating to minimize back reflection. The GRIN lenses are inserted into a stainless steel tube (2.9-mm inner diameter and 0.8-mm thick) to increase probe rigidity resulting in a 324-mm long final assembly. This length is adequate for a variety of larynx sizes (i.e., 3 months to 17 years of age). The size of the probe is also compatible with a standard disposable translucent sterile sheath (Slide-ON Endosheath, Medtronic, Jacksonville, Florida), which allows for rapid system setup in between patients. The outer tube is graduated in millimeters [ Fig. 2(b) ] to help with orientation and estimating lesion dimensions. Probe tips can be interchanged easily using a chuck and collet mechanism as shown in Fig. 2(c) . Table 1 summarizes the characteristics of the probe.
Volumetric data acquisition is obtained with a fast 2-D scanning mechanism-the third dimensions being inherent to OCT imaging. Lateral raster scan is implemented with two 3-mm mirror-mounted galvanometers (6215H Cambridge Technology). A rotation mechanism was also added to the handheld probe [ Fig. 2(b) ] to allow a symmetric analysis of the vocal cords (i.e., imaging of the right and left vocal cords at the same anterior-posterior position) and for imaging irregular shapes such as nodules and cysts. This additional degree of freedom allows for the surgeon's hand to remain still in a neutral position and only rotate the viewing window such that the optimum angle for a lesion can be reached. A 0-deg angle aligns the OCT beam such that a scan of the right vocal fold can be done perpendicularly to the strike zone (i.e., coronal plane) from a superior to inferior position. By providing a scan angle guideline, we added stability and increased the repeatability of the procedure in the surgical suite.
The complete system is installed on a conventional surgery cart (GoKart 9601A, Karl Storz Endoscopy, El Segundo, California) [ Fig. 2(c) ]. The self-contained system is robust to vibrations and can easily be moved from the laboratory to the surgical room. The acquisition computer is equipped with a high-speed acquisition board (ATS9350 Alazar Technologies, Pointe-Claire, Canada). The signal is sampled at 500 MHz with a resolution of 12 bits and is then saved to a hard disk. OCT Software ThorImage (Version 4.2, Newton, New Jersey) is used during acquisition. Postprocessing is done using customized software (C ++, Qt) to extract and analyze raw images.
Vocal Fold Imaging

Ex Vivo Imaging
Figure 3(a) shows a representative OCT cross section of the normal adult cadaveric aerodigestive track spanning the subglottic and supraglottic areas along the midmembranous portion of the vocal fold. The first layer represents the epithelium (Ep) and can be clearly distinguished from the underlying lamina propria (Lp). The lamina propria is always seen as a hyperluscent (highly scattering) region regardless the location along the aerodigestive track (subglottic, glottis, or supraglottic). In the subglottic area, the lamina propria is rich in seromucinous glands (G). As shown in the OCT images, these glands appear as hypoluscent (weakly scattering) and are distributed at different locations within the lamina propria in the subglottic region. This can be seen throughout volumes acquired (Video 1). In the true vocal fold, there are no such subepithelial glandular structures and the signal decays down to the vocalis muscle (Ms). Distinctive signal intensities are observed within the lamina propria suggestive of the layered structure described in Ref. 32 . The corresponding histological section is shown in Fig. 3(b) .
The epithelium layer thickness along the aerodigestive track is not uniform, which can be attributed to a change in the epithelial cell type. The transition is gradual from a very thin layer (40 to 75 μm) of squamous stratified epithelial cells (Ss) at the strike zone, to a thicker pseudostratified ciliated epithelium (Ps) layer (75 to 120 μm) inferior to the strike zone. This change in thickness is visible in both OCT and histology sections [ Figs. 3(a) and 3(b) ]. Figure 4 shows lesions imaged ex vivo under OCT with the corresponding histology section. Fiducial markers (M1-M2) used for comparison are visible both in the OCT images and the histology sections. The epithelium covering the nodule area [ Fig. 4(a) ] is thicker than the epithelium layer found inferior or superior. Such localized thickening was not seen in our control patients. The basement membrane appears irregular, curved with some invaginations, which might indicate signs of epithelial hyperplasia. 33 In the superficial region of the lamina propria, an increased backscattered signal is observed compared to surrounding tissue, which may be an indication of edema and fibrosis, commonly found in nodules. 33 Figures 4(c) and 4(d) show a mucus retention multiloculated pseudocyst, beneath the epithelial layer, that occupies a significant space in the lamina propria. The cyst structure and type were confirmed by histopathology, shown in Fig. 4(d) . The lesion area is almost circular, partitioned and mostly filled with aqueous material. Consequently, the OCT image displays a very delineated void region. As seen in the histology section [ Fig. 4(d) ], the cyst lining is not epithelized. Its multiloculated structure is clearly visible in both OCT and histology sections. The 3-D-OCT sequence (Video 2) allows evaluating the full extent of the cyst region.
Visualization of volumetric OCT data allows qualitative and quantitative information to be extracted such as lesions' symmetry and dimension. Lesions are located and confined to a few millimeters away from the free edge of the true vocal fold (i.e., away from the ventricle). The dimensions of nodule and volume occupied by pseudocyst are evaluated after segmenting the 3-D data set. The nodule expands by 1.5 mm in the anterior-posterior and the superior-inferior axes. The cyst is not symmetrical and expands on 1.8 mm on the superior-inferior axis and 1.5 mm on the anterior-posterior axis and 1-mm deep in the lamina propria. The 3-D projections shown in Fig. 5 highlight zones of distinctive signal intensities (Lp1-Lp2) visible within the lamina propria, which was also observed in the normal vocal fold in Fig. 3(a) .
In Vivo Imaging
We performed OCT imaging on 20 pediatric patients, among which 10 showed lesions. All imaging sessions yielded useful data aside from some back reflection artifacts from the sterile protective sheath. Figure 6 shows images of the vocal folds of a healthy 9-yearold male. Intraoperative endoscopy [ Fig. 6(a) ] shows the probe in contact with the left vocal cord. Probe placement at the strike zone was achieved for every case using the method depicted in Video 3. Initially, the probe tip is placed inferior to the edge of the vocal fold in the subglottic region. The imaging window is placed perpendicular to the free edge in the midmembreanous portion of the vocal fold. Under OCT guidance, the probe tip is slowly moved superiorly. Real-time 2-D imaging is used to orient the probe tip to the strike zone for 3-D volume acquisition. Fig. 3(a) ], the true vocal fold is void of any subepithelial glandular structures and is much more homogeneous than surrounding tissues. Figure 7 shows images from an 11-year-old female with bilateral vocal fold nodules, symmetrically located on the anterior third of the true vocal fold. Epithelial swelling is noticeable in the intraoperative image {highlighted with black arrows [ Fig. 7  (a) ]}. The OCT image [ Fig. 7(b) ], captured at the junction of the normal region (Ep1) and nodule's location (Ep2), shows a 30% increase in tissue superficial to the basement membrane, which may indicate the presence of hyperkeratotic squamous epithelium. Similar observations were made for all nodule cases (n ¼ 3) viewed throughout this in vivo study. The transition region from the epithelium to the lamina propria (white arrow) suggests that the basement membrane undergoes significant thickening. Heterogeneous signal can be observed beneath the epithelial lining [highlighted by * mark in Figs. 7(b) and 7(c) ]. This structure might arise from the remodeling of the superficial lamina propria with fibronectin deposition 34, 35 or the presence of edema and amyloid-like material. 10 Within this specific region [ Fig. 7(d) ], the transition between the epithelium and the basement membrane is more diffuse. Figure 8 shows images from a 12-year-old male with a mucus retention cyst. The intraoperative endoscopic image in Fig. 8(a) reveals a swelled structure on the left vocal fold (identified by black arrows). The OCT section [ Fig. 8(b) ] shows the presence of a cyst below the epithelial layer. The cyst is characterized by a homogenous moderately scattering region surrounded by a low scattering region of ∼60 μm in thickness. Backscattered signal originating from inside the cyst suggests a content that is not pure liquid, but rather, a turbid fluid. By opposition to the aqueous cyst, which presents with delineated void region [ Fig. 4(c) ], the mucus retention cyst contains a mixture of protein, mucin, and cellular debris, which is consistent with the turbid appearance of its center. The corresponding histopathology section shown in Fig. 8(c) confirms the presence of a mucus retention cyst with a clearly defined epithelial lining (EpL), consistent with the surrounding boundary seen in the OCT image [ Fig. 8(b) ]. The 3-D OCT volume acquired permits extraction of the cyst lesion [ Fig. 8(d) ], which appears as complex oval shape. As with the ex vivo specimen, this cyst is not symmetrical and expands on 1 mm on the superior-inferior axis and 2 mm on the anterior-posterior axis and is 1.5-mm deep in the lamina propria.
Nodules
Cysts
Laryngeal papillomatosis
Figure 9(a) shows an intraoperative endoscopic image of a 3-year-old patient with multiple warty growths (papillomas) in the anterior commissure. As seen on the corresponding OCT image [ Fig. 9(b) ], this lesion is associated with a significant increase in epithelial thickness. The epithelial layer is irregular in size (Ep1-Ep2) and invaginations of the epithelium inside the lamina propria can be seen, consistent with epithelial hyperplasia typically seen in papilloma lesions. Figure 9 (b) shows an oval-shaped void region (indicated by white arrows) in the epithelial layer, which may correspond to a blood vessel.
Discussion
The pediatric vocal fold microarchitecture has not yet been completely elucidated. The invasiveness of current imaging techniques and the rarity of pediatric cadaveric specimens have hindered our current knowledge of this unique and changing anatomical structure. The opportunity to observe the vocal fold beneath the epithelium surface allows for a more thorough investigation of normal and abnormal structures to detect voice pathologies at a stage when appropriate interventions can be applied. Distinguishing between lesions is not always possible through intraoperative endoscopy as mucosal swelling could be indicative of several pathologies and because some lesions may be buried deep within the mucosa. OCT, a noninvasive imaging technology, adapted to the context of pediatric laryngology could be a promising tool for clinicians as it allows for noninvasive visualization of the microstructure of the vocal fold.
In this study, we developed an intraoperative OCT handheld probe with the aim of imaging pediatric lesions with adequate resolution, field-of-view, contrast, and speed. The modification of a commercial system yielded a compact, robust, and highly stable imaging tool with an imaging range long enough to capture lesions with large topographic variations.
Ex vivo imaging revealed an OCT contrast sufficient to identify boundaries of the epithelium and lamina propria for structural evaluations. It is also allowed establishing a procedure for in vivo imaging of the strike zone by navigating from the glandular subglottic region.
In vivo imaging was also facilitated by the long coherence length rapid OCT system, which allowed volumetric acquisition on both left and right strike zones to be acquired within less than 2 min. No technical difficulties occurred during the in vivo study. The intraoperative probe used benefited from its ergonomy-swappable probe tips, laser engraved marks for positioning, and small size to minimize obstruction of the operative field. The rotational mount added to the probe allowed for rapid and repeatable alignment with the region-of-interest. Additionally, the design allows selecting the imaging plane independently of the scanning angle. This degree of freedom proved to be immensely helpful as we quickly realized that imaging the coronal plane of the vocal fold is key in navigating the vocal fold topography and to acquire consistent imaging areas. However, despite the probe compliance with the system design specifications (imaging with expected resolution, contrast and speed), it still suffers from saturation artifacts (i.e., vertical lines overlapping with the sample) from backreflections from the sterile sheath. The commercially available disposable sheath, which increases our efficiency in the operating room (facilitated sterilization) was not originally designed for OCT imaging. The availability of sheaths made of other materials, such as fluorinated ethylene propylene, would be beneficial to OCT imaging yielding in a higher transmission of near-infrared light.
The handheld probe allowed imaging patients ranging from 3 months to 16 years. For younger patients, the probe needs further miniaturization (<1.5-mm diameter) to avoid obstructing the airway. This task can be achieved using either smaller GRIN lenses with the current design or with an optical fiber probe. For both cases, this might come at a price of significantly reducing the field-of-view. However, a smaller field-of-view may still be adequate in younger children as the lesion and vocal fold length are proportionally smaller.
The subsurface 3-D data acquired with OCT was essential in the evaluation of the microanatomy of the lamina propria. Our normal specimens showed a relatively homogeneous signal, void of any glandular-like structures over the depth of the true vocal fold. The epithelium layer showed a relatively constant intensity along the length of the true fold. Its thickness increased, but remained relatively thin from an inferior to superior aspect, which is consistent with the transition from stratified squamous to pseudostratified ciliated epithelial cells. Beneath the epithelial layer, the lamina propria appears hyperluscent relative to epithelium, which may be attributed to the extracellular matrix and loosely packed collagen and elastin fibers that can be found in this region. 36 The intensity of the vocal fold relative to the depth seemed to decrease differently along the vocal fold's superior-inferior axis, which is consistent with variations in cellular and fiber densities seen in laryngeal tissues.
For pathological cases, despite a relatively uniform endoscopic representation, OCT images revealed important subsurface variations. For vocal fold nodules, the epithelium layer seemed to be slightly thicker, which might be an indication of hyperplasia or, in some cases, hyperkeratinization. Nodules showed evidence of structural changes just beneath the thickened basement membrane. Cysts are located deeper within the lamina propria and have a complex 3-D shape (i.e., nonspherical). Mucus retention cysts showed a clear turbid region with an epithelial lining while pseudocysts presented with void areas, suggesting a clear aqueous material filling. The extent of these benign lesions is hard to identify with superficial imaging techniques, as well as with 2-D OCT, highlighting the benefit of a 3-D representation. This study was, however, performed on a limited sample set to primarily demonstrate the ability of this probe to image lesions. Imaging of a larger patient cohort is underway to establish a complete set of diagnostic criteria.
The depth of laryngeal papillomatosis lesions, which are seen superficially with intraoperative endoscopy, is revealed under OCT showing an epithelium layer significantly thicker and irregular along the true vocal fold with invaginations within the lamina propria. OCT used jointly with angiolytic lasers could lead to depth controlled treatments to limit scarring of surrounding tissues, and preserve voice to the greatest extent possible. Earlier work focusing on combining OCT and laser therapy was performed in the field of gastroenterology, which could potentially be extended to the use of ablation laser. [37] [38] [39] [40] The OCT handheld probe allowed extraction of features of several common benign pediatric lesion types with sufficient contrast, resolution, and penetration depth to give surgeons essential clinical insights to these lesions. Some steps are currently undertaken to further miniaturize the probe in order to allow targeting even younger patients (under 3 months). Further improvements include adding a second modality to investigate molecular contrasts provided by fluorescence, 41 nonlinear contrast, 42 or spectroscopy. 43 
Conclusion
OCT adapted to the context pediatric laryngology is a promising tool providing valuable structural information to clinicians. We believe that the proposed OCT system, including a 3-D-capable handheld probe, is a stepping-stone in the development of specially designed tools for pediatric laryngology. Noninvasive assessment of the type and the extent of laryngeal diseases may be very helpful for guiding surgical interventions. Moreover, although this study was focused on pediatric lesion imaging, the OCT probe could be used to image healthy vocal folds for a quantitative study of the development of the lamina propria. A better understanding of this unique organ would further improve the management of pediatric laryngeal diseases.
